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USING VOIP-QUALITY METRICS TO
DYNAMICALLY ADJUST THE EV-DO
REVERSE ACTIVITY BIT

BACKGROUND

1. Technical Field

The present invention relates to wireless communications,
and, more particularly, to management of wireless commu-
nications between Evolution Data Optimized (EV-DO)

access nodes and EV-DO access terminals.
2. Description of Related Art

a. EV-DO Generally

Many people use mobile stations, such as cell phones and
personal digital assistants (PDAs), to communicate with cel-
lular wireless networks. These mobile stations and networks
typically communicate with each other over a radio frequency
(RF) air interface according to a wireless communication
protocol such as Code Division Multiple Access (CDMA),
perhaps 1n conformance with one or more industry specifica-
tions such as IS-95 and IS-2000. Wireless networks that oper-
ate according to these specifications are often referred to as
“1xRTT networks” (or “1x networks” for short), which stands
tor “Single Carrier Radio Transmission Technology.” These
networks typically provide communication services such as
voice, Short Message Service (SMS) messaging, and packet-
data communication.

Recently, service providers have introduced mobile sta-
tions and wireless networks that communicate using a proto-
col known as EV-DO, which stands for “Evolution Data Opti-
mized.” EV-DO networks, operating in conformance with
industry specification 1S-856, provide high rate packet-data
service (including Voice over IP (VoIP) service) to mobile
stations using a combination of time-division multiplexing
(TDM) on the forward link (from the network to mobile
stations) and CDMA technology on the reverse link (from
mobile stations to the network). Furthermore, some mobile
stations, known as hybrid mobile stations or hybrid access
terminals, can communicate with both 1x networks and EV-
DO networks.

In the EV-DO context, a mobile station 1s typically referred
to as an access terminal, while the network entity with which
the access terminal communicates over the air interface 1s
known as an access node. The access node typically includes
a device known as a radio network controller (RNC), which 1s
similar to a base station controller (BSC) in 1x networks. The
access node also 1includes one or more base transceiver sta-
tions (BTSs) or “Node-Bs,” each of which includes one or
more antennas that radiate to define respective wireless cov-
erage areas. Among other functions, the RNC controls one or
more BTSs, and acts as a conduit between the BTSs and an
entity known as a packet data serving node (PDSN), which
provides access to a packet-data network. Thus, when posi-
tioned 1n one of these wireless coverage areas, an access
terminal may communicate over the packet-data network via
the access node and the PDSN.

b. VoIP Communications

Note that the packet-data communication 1n which a given
access terminal engages over the one or more packet-data
networks to which the access node and the PDSN provide
access may be of any one of a number of different types. One
increasingly-popular type 1s VoIP communication. This VoIP
communication may take the form of phone calls that appear
similar or i1dentical to normal voice calls conducted over
CDMA networks, for example. This VolP communication
may also or instead take the form of push-to-talk (P1T) com-
munications, known to those in the art. And any other type of
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VoIP communication may be engaged in by EV-DO access
terminals instead of or in addition to the types noted herein.

Furthermore, a given EV-DO access terminal may engage
1n VoIP communications via an access node, a PDSN, and one
or more packet-data networks (such as a service provider’s
privately-operated packet-data network and/or the Internet,
as two examples) with one or more different types of end-
points. Examples of VoIP endpoints include one or more other
EV-DO access terminals, one or more other mobile stations,
one or more landline-connected telephones, one or more con-
ferences servers, one or more gateways, and/or any other
types of suitable VoIP endpoints. In cases of landline tele-
phones, a media gateway may reside between a packet-data
network and a telephone network such as the public switched

telephone network (PSTN).

C. Session Setup

To mitiate connectivity, when powered on 1n a coverage
area ol an access node, an access terminal may send what 1s
known as a Universal Access Terminal Identifier (UATT)
request to the access node. The access node may respond by
granting a UATT to the access terminal in a message known as
a UATT response. This UATI response typically contains the
granted UATI, which then serves to identify the access termi-
nal to the access node for some period of time.

After acquiring a UATT, the access terminal will typically
communicate with the access node over the air interface to set
up what 1s referred to as a “session.” Hssentially, an access
terminal that has a session with an access node can engage in
packet-data communication over the packet-data network to
which the access node and the PDSN provide access. Con-
versely, an access terminal that does not have a session with
an access node can not engage in packet-data communication
over the packet-data network.

As part of setting up the session, the access terminal sends
a connection request to the access node, requesting an air-
interface connection. The access node will responsively work
to establish the air-interface connection with the access ter-
minal, which involves the access node 1nstructing the access
terminal to communicate with the access node over what 1s
known as a tratfic channel. This traffic channel takes the form
of particular timeslots on the forward link, during which the
access node sends data to the access terminal, and a particular
CDMA channel on the reverse link, over which the access
terminal sends data to the access node.

In addition to establishing the connection with the access
terminal, the access node takes a number of other actions, one
of which 1s to validate that the access terminal 1s authorized to
engage 1n communication via the access node. Another such
action 1s to set up a radio-packet connection between the
access node and the PDSN for the access terminal. The access
node also facilitates establishment of a data link (e.g., a point-
to-point protocol (PPP) connection) between the access ter-
minal and the PDSN, and perhaps assignment (e.g., by the

PDSN or by a Mobile-IP home agent) of an IP address to the
access terminal.

Once those steps (and perhaps others) are complete, the
access terminal has a session with the access node, and can
therefore communicate over the packet-data network via the
access node and the PDSN. Typically, the air-interface con-
nection 1s then torn down, freeing up those radio resources for
other access terminals. Both the network and the access ter-
minal maintain data pertaining to the rest of what was estab-
lished, however, including the IP address, radio-packet con-
nection, and data link. This transition from having a traffic
channel to not having one 1s referred to as the access terminal
going from active to dormant.
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Thereafter, if the access terminal wants to 1nitiate packet-
data communication, 1t sends a connection request to the
access node, which will assign a traflic channel to the access
terminal. If the access node recerves data addressed to the
access terminal, the access node would typically page the
access terminal, and assign it a traflic channel. The access
terminal can then engage in packet-data communication over
the packet-data network, using the newly-assigned traific
channel, as well as the previously-established IP address,
radio-packet connection, and data link.

Note that an access node may, 1n a wireless coverage area
such as a cell or sector, provide service on one or more carrier
frequencies (“carriers”). When service 1s provided on only
one carrier, the access terminal will, by default, communicate
over atraific channel on that carrier. When service 1s provided
on more than one carrier, the access node will select one of
those carriers on which to assign a traffic channel to the access
terminal. In general, each carrier may occupy a 1.25-MHz-
wide band of the RF spectrum. Furthermore, a carrier may
actually be a pair of 1.25-MHz-wide bands, 1n systems that
use a Irequency-division-duplex (FDD) approach, where
access terminals receive on one frequency, and transmit on
another.

d. Reverse Noise Rise

Interference can be, and often 1s, present on a carrier in a
sector. In general, on a given carrier 1n a given sector (1.. on
a given “‘sector/carrier’), an access node receives transmis-
s1ons from access terminals that are operating on that sector/
carrier. However, the access node often also receives trans-
missions on that sector/carrier from other access terminals,
other devices, and/or any other sources of interference on that
frequency.

At a given moment, the sum total of what an access node 1s
receiving on a given sector/carrier 1s known as the “reverse
noise” on that sector/carrier. At regular intervals, and 1n fact
quite frequently (e.g., once for every forward-link timeslot
(1.e. once every approximately 1.67 ms)), access nodes com-
pute a value known as “reverse noise rise” (RNR), which 1s
the difference between (1) the reverse noise that the access
node 1s currently detecting and (11) a baseline level of reverse
noise. Thus, the access node computes how far the reverse
noise has risen above that baseline.

To determine the baseline, EV-DO networks typically peri-
odically utilize what 1s known as a silent interval, which may
occur on the order of once every five minutes, and last on the
order of 40-100 ms, both of which are typically configurable.
During the silent interval, access terminals know not to trans-
mit anything to the access node. The access node can then
measure whatever else 1s out there. As such, the baseline
corresponds to the amount of reverse noise when the sector/
carrier 1s unloaded (1.e. without any transmitting access ter-
minals). Note that other reverse-link-noise levels could be
used as a baseline, other than the unloaded-sector level.

In general, the lower the RNR 1s at a given moment, the
more favorable the RF conditions are for communication
between access terminals and the access node at that moment.
Correspondingly, the higher the RNR, the less favorable the
RF conditions are. Also, alow RNR generally corresponds to
a sector/carrier being lightly loaded, in other words that 1s
supporting communications for a relatively low number of
access terminals. A high RNR, as one might expect, generally
corresponds to a sector/carrier being heavily loaded, 1n other
words that 1s supporting communications for a relatively high
number of access terminals.

¢. Reverse Activity Bit (RAB)

Access nodes typically use the calculated value of RNR to,
among other things, set what 1s known as the Reverse Activity
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Bit (RAB), which 1s a value that the access node makes equal
to 0 or 1, and repeatedly transmuts to all the access terminals
operating on a given sector/carrier. Note that making the RAB
equal to O (zero) 1s known as “clearing” the RAB, while
making the RAB equal to 1 (one) 1s known as “setting’ the
RAB. As stated above, the access node typically calculates
RNR at the same frequency at which 1t transmits forward-link
timeslots, or once every 1.67 ms. The access node typically
sets or clears the RAB at this same frequency.

With respect to how the access node chooses whether to set
or clear the RAB, if the RNR 1s above a threshold (the “RNR
threshold”), which may be about 5 dB, the access node sets

the RAB. If the RNR 1s below the RNR threshold, the access
node clears the RAB. The access node transmits the RAB 1n
a TDM channel—known as the reverse-activity channel—on
the forward link. That channel 1s 1tself a TDM portion of a
forward-link channel known as the Media Access Control
channel. Note that the RAB i1s the same for all access termi-
nals on a sector/carrier. The manner 1n which those access
terminals use the value of the RAB 1s explained below.

. Access Terminals Using the RAB Under IS-856, Rel. 0

The mitial release of 1S-856 1s referred to as Release O
(zero) (Rel. 0), while a subsequent revision 1s referred to as
Revision A (Rev. A). This subsection relates to how EV-DO
access terminals use the RAB 1n EV-DO networks that oper-
ate according to Rel. 0, while the next subsection relates to
how EV-DO access terminals use the RAB 1n EV-DO net-
works that operate according to Rev. A. Note that some EV-
DO networks may provide both Rel. O and Rev. A service; that
1s, a given EV-DO network may provide service to access
terminals that operate according to Rel. 0, and also to access
terminals that operate according to Rev. A.

Under Rel. 0, access terminals can transmit data to access
nodes on the reverse link at five different data rates: 9.6
kilobits per second (kbps), 19.2 kbps, 38.4 kbps, 76.8 kbps,
and 153.6 kbps. Transmission at these various data rates
involves using different types of coding for the data to be
transmitted, among other differences. Note that, during a
given instance of an access terminal transmitting data to an
access node, the access terminal typically starts out using the
lowest of those data rates, 9.6 kbps.

Recall that the EV-DO reverse link 1s essentially a CDMA
channel over which the access terminal transmits data to the
access node. And the access terminal does so 1n units of time
known as frames, each of which last approximately 26.67 ms,
which s the length of time of 16 timeslots on the forward link.
And the network 1s synchronized on CDMA time, such that
sets of 16 timeslots on the forward link will be aligned along
reverse-link-frame time boundaries.

So, the EV-DO access terminal will transmut 1ts first frame
to the access node at 9.6 kbps. And then, for the next frame,
the access terminal will stay at that rate, or perhaps transition
up to 19.2 kbps. From there, frame by frame for all subsequent
frames, the access terminal will transmuit at the rate that 1t 1s
currently using, transition up to the next-higher rate, or tran-
sition down to the next-lower rate. Note that rate-setting {re-
quencies other than every frame, such as every four frames,
could be used as well.

These (1in this example) frame-by-frame decisions to main-
tain or change the reverse-link data rate are controlled by the
RAB and by a table of reverse-link transitional probabilities
(RLTPs) that are stored by each access terminal. This RLTP
table 1s typically sent from the access node to the access
terminal during the session-setup process described above,
though it can also be sent (or updated) as new air-interface
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connections are made between the access node and the access
terminal, or perhaps periodically, or perhaps 1n response to
some other event.

The RLTP table typically contains eight probabilities, each
expressed as an integer between 0 and 255, as explained more
tully below. The eight probabilities correspond to the eight
possible transitions among the five possible data rates. So, the

transitional probabilities correspond to transitioning (in
kbps) (1) from 9.6 up to 19.2, (2) from 19.2 up to 38.4, (3)

from38.4upto76.8,(4)from 76.8upto 153.6, (3)from 133.6
downto 76.8, (6) from 76.8 down to 38.4, (7) from 38.4 down
to 19.2, and (8) from 19.2 down to 9.6.

Typically, when an access terminal 1s at the start of trans-
mitting a given frame at a given data rate (say, 38.4 kbps), the
access terminal checks the RAB. If the RAB 1s cleared (i.e.
equal to 0), the RNR 1n the sector 1s not above the RNR
threshold, and thus the access terminal knows that 1t has two
options with respect to the next frame: stay at 38.4 kbps or
move up to 76.8 kbps. To determine which of those options
the access terminal will take for the next frame, the access
terminal generates a random integer between 0 and 255, and
compares that random integer with the appropriate transi-
tional probability. In this example, the access terminal would
compare the random integer with the 38.4-kbps-to-76.8-kbps
value.

If the random integer 1s less than or equal to the 38.4-kbps-
to-76.8-kbps table value, the access terminal will transition
up to 76.8 kbps for the next frame. If not, the access terminal
will stay at 38.4 kbps for the next frame. The table value 1s
thus arepresentation of a probability, since the integer that the
access terminal compares with the table value 1s randomly
generated. I, say, the table value were 255, the access termi-
nal would have a probabaility o1 1.00 (100%) for moving up to
the next-higher data rate; 11 the table value were 0, the access
terminal would only have a 1/256 probability of moving up.
And so on.

If the RAB 1s set (again, equal to 1), however, the access
node has decided that there 1s too much reverse noise on the
sector/carrier at the moment, and thus the access terminal
knows that 1t has two options with respect to the next frame.
Again using 38.4 kbps as an example of the access terminal’s
current rate, the two options are to stay at 38.4 kbps or move
down to 19.2 kbps. To determine which of those options the
access terminal will take for the next frame, the access termi-
nal again generates a random 1nteger between 0 and 2355, and
compares that random integer with the appropriate reverse-
link transitional probability. This time, the access terminal
would compare the random integer with the 38.4-kbps-to-
19.2-kbps value.

As with transitions up to higher data rates, when talking
about transitions down to lower data rates, the access terminal
checks whether the random 1nteger 1t generates 1s less than or
equal to the 38.4-t0-19.2 table value. If so, the access terminal
will transition down to 19.2 kbps for the next frame. If not, the
access terminal will stay at 38.4 kbps for the next frame.
Again, the table value represents a probability, as the integer
that the access terminal compares with the table value 1s
randomly generated. If, the table value were 255, the access
terminal would have a probability of 1.00 (100%) for moving,
down to the next-lower data rate; 1f the table value were 0, the
access terminal would only have a 1/256 probability of mov-
ing down. And so on.

g. Access Terminals Using the RAB Under IS-856, Rev. A

As explained above, under Rev. 0O, reverse-link data rates
are permitted only to increase or decrease by one step ata time
(1.e. up to the next-higher data rate or down to the next-lower
data rate), controlled by the RAB and the tables of reverse-
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6

link transitional probabilities. Under Rev. A, however, a more
dynamic, iterative, equation-based approach 1s utilized,
which permits data rates to change more rapidly. This
approach 1s covered 1n IS-856, Rev. A, which 1s hereby 1ncor-
porated herein by reference, in its entirety, as 1s IS-8356, Rel.
0.

Briefly, under Rev. A, the access node still repeatedly trans-
mits a RAB equal to O or 1. Each individual access terminal
then uses that value to compute what are known as a Quick
Reverse Activity Bit (QRAB) and a Filtered Reverse Activity
Bit (FRAB). The QRAB 1s binary (equal to O or 1), while the
FRAB 1s a real number having a value anywhere between -1
and 1 inclusive. The QRAB 1s a short-term, binary indication
of loading: a QRAB of 1 1s associated with congestion on the
sector/carrier, while a QRAB of 0 1s associated with non-
congestion. The FRAB 1s more of a long-term, continuous,
historical value, where values closer to —1 indicate a lower
degree of congestion on the sector/carrier reverse link, while
values closer to 1 indicate a higher degree of congestion.
Thus, both the QRAB and the FR AB reflect the access termi-
nal’s interpretation of the RAB from the access node.

The access terminal then calculates a value known 1n Rev.
A as “I2PInflow.” T2PInflow 1s an iterative value: prior to
each reverse-link transmission, it has a current value, and that
current value 1s one of the inputs into determining 1ts value 1n
the next calculation. Note that the “T2P” prefixes to many of
the value and function names 1n this explanation means “Irai-
fic to Pilot,” as one governing principle that drives the deter-
mination of reverse-link data rates under Rev. A 1s the relative
values of (1) the power level that the access terminal 1s using
to transmit on the reverse-link portion of the tratfic channel
and (2) the power level at which the access terminal 1s detect-
ing the pilot signal from the access node, as 1s known in the
art.

Rev. A defines two functions called “T2PDn(.)” and
“T2PUp(.),” both of which are functions of the current
T2PIntlow, FRAB, and a filtered value of the serving sector
pilot strength. If the access terminal sets QRAB to 1 (corre-
sponding to a relatively congested sector/carrier), then
T2PIntlow will be decremented by the result of T2PDn(.); 1f,
on the other hand, the access terminal sets QRAB to 0 (cor-
responding to a relatively non-congested sector/carrier), then
T2PIntlow will be incremented by the result of T2PUp(.). As
with all of the details of these computations, the detailed
equations can be found 1n IS-856, Rev. A.

Under Rev. A, this updated T2PInflow value 1s then used as
one of the mputs 1n what 1s referred to as a “token bucket”
mechanism, which 1s used to determine a packet size for the
next reverse-link transmission. And 1t 1s this packet size that
essentially determines the reverse-link data rate at which the
access terminal will be transmitting, based on a table that
correlates packet sizes to data rates. In general, the token
bucket mechanism 1s used as a regulator, to provide data-rate
stability over time, while still permitting some nstantaneous
deviation.

One ol the parameters of the token bucket mechanism 1s the
“BucketlLevel.” Using that value, the updated T2PIntlow, and
the FRAB, the access terminal calculates a value known as
“Potential T2POuttlow.” The access terminal also maintains a
data queue for outgoing data (1.e. data that 1s ready and wait-
ing to be transmitted to the access node on the reverse link).
The access terminal keeps track of the current size of this data
queue 1n a variable referred to here as the “data queue size.”
The access terminal determines the packet size for the next
transmission based on Potential 12POuttlow, the data queue
size, other constraints and maximum/minimum allowed val-
ues, and the access terminal’s transmission power.
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As stated, the computed packet size essentially determines
the reverse-link data rate. Under IS-856, Rev. A, eflective
reverse-link data rates can range from 19.2 kbps up to 1.84
megabits per second (Mbps). As a final part of the calculation,
the access terminal computes a value known as
“T2POuttlow™ (also referred to as “actual T2POuttlow”™)
based on the computed packet size. The access terminal then
updates the BucketLevel with the updated T2PIntlow value
and the newly-calculated (actual) T2POuttlow value, so that
the BucketlLevel will be ready for the next iteration.

h. Conclusion

Thus, as explained, EV-DO access terminals use the value
of the RAB 1n different ways under Rel. O and Rev. A of
[S-856 for determining their reverse-link data rates. However,
under both standards, and perhaps others, access nodes make
repeated, periodic broadcasts of the RAB (equal to 0 or 1),
and thus make repeated, periodic determinations as to
whether to set or clear the RAB prior to each such broadcast.

SUMMARY

Methods and systems are provided for using VoIP-quality
metrics to dynamically adjust the EV-DO reverse activity bit
(RAB). In one aspect, an exemplary embodiment may take
the form of a method. In accordance with the method, VoIP
service 1s provided to EV-DO access terminals, wherein pro-
viding VoIP service comprises (a) providing EV-DO service
in a wireless coverage area and (b ) providing transport service
over a packet-data network. Reverse noise rise (RNR) 1s
measured 1n the wireless coverage area. Further, each VoIP-
quality metric 1n a set of one or more VolP-quality metrics 1s
measured over the packet-data network. Finally, 1t 1s deter-
mined whether to set or clear the RAB 1n the wireless cover-
age area based at least 1n part on the measured RNR and at
least in part on the one or more measured VolP-quality met-
I1Cs.

These as well as other aspects and advantages will become
apparent to those of ordinary skill 1in the art by reading the
tollowing detailed description, with reference where appro-
priate to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments are described herein with
reference to the following drawings, wherein like numerals
denote like entities.

FIG. 1 1s a simplified block diagram of a communication
system, 1n accordance with exemplary embodiments;

FIG. 2 1s a simplified block diagram of two examples of
metric-threshold data, 1n accordance with exemplary embodi-
ments;

FIG. 3 1s a flowchart of a method, 1n accordance with
exemplary embodiments; and

FIG. 4 1s a flowchart of a method, 1n accordance with
exemplary embodiments.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

1. Overview

As stated, EV-DO access terminals may engage 1n, among
other types of packet-data communication, VoIP communi-
cation via the access node, the PDSN, and one or more
packet-data networks to which the access node and the PDSN
provide access. In general, VoIP 1s considered to be a rela-
tively latency-sensitive type of packet-data communication.

10

15

20

25

30

35

40

45

50

55

60

65

8

That 1s, 1t 1s 1mportant to VoIP communications that packets
carrying bearer (1.e. voice) data traverse from source to des-
tination quickly, consistently, and reliably, among other desir-
able descriptors.

Restated 1n terms typically used 1n the art, 1t 1s important
and desirable that VoIP packets traverse between one end-
point of the communication (e.g. an EV-DO access terminal)
and the other (e.g. a media gateway residing between a
packet-data network, such as the Internet, and the PSTN) with
relatively little delay, jitter, or packet loss. These terms are
referred to herein, and generally known, as VoIP-quality met-
rics. Note as well that these metrics also apply to packet-data
communication generally, not just VoIP. In general, 1f a par-
ticular VoIP call 1s associated with relatively poor values of
delay, jitter, and/or packet loss, then the voice quality (expe-
rienced by one, both, or all participants) will be degraded.
This 1s undesirable.

With respect to the first of the VolP-quality metrics refer-
enced above, delay 1s generally defined as the time taken for
packets to get from one point to another 1n a network. Note
that delay can be measured one-way, round-trip, or both.
Typically, measuring round-trip delay is easier and requires
less-expensive equipment. Note that, to obtain rough estimate
of one-way delay, round-trip delay can be measured and then
divided 1n half. A typical tolerance level for one-way delay 1n
a VoIP context may be approximately 150-250 milliseconds
(ms), before the quality of call degrades to a point that 1s
generally considered unacceptable.

Jitter 1s typically defined as the variation in delay over some
period of time between the network points for which the delay
1s measured. In general, 11 the delay of VolP-packet transmis-
s10ns varies too widely during a particular VoIP call, in other
words 11 the jitter 1s too high, then the call quality typically
would be significantly degraded. Finally, some number of
VoIP packets that are transmitted along the data path between
source and destination never make 1t to the destination. Packet
loss, then, 1s typically defined as the ratio of (1) the number of
packets that never make 1t to their destination to (11) the total
number of packets that were transmitted (including those that
made 1t to their destination as well as those that did not) over
some time period. The higher this ratio 1s, the more the VoIP
call quality will be degraded.

In general, the VoIP-quality metrics referred to herein
relate to the quality of network conditions (also referred to
herein as “transport conditions™ and “network-transport con-
ditions™) over the packet-data network(s) that the VoIP pack-
cts—sent to and from a given access terminal—will traverse.
That 1s, when a given access node, and a given EV-DO net-
work 1n general, provides VolIP service to a given access
terminal, the access node 1s providing at least two services to
that access terminal. The first 1s wireless EV-DO service over
an air interface, and the other 1s transport service (i1.e. con-
nectivity) over one or more packet-data networks, such as
direct transport service over the service provider’s privately-
operated packet-data network, and indirect transport service
over a public packet-data network such as or including the
Internet.

Thus, naturally, there will be times when transmission
conditions are favorable with respect to the wireless service
(1.e. times when favorable RF conditions prevail), and there
will be times when poor RF conditions are present. As
described above, current implementations of EV-DO net-
works deal with this, 1n among other ways, by setting the
RAB when RF conditions are unfavorable (associated with a
relatively high RNR), and by clearing the RAB when RF
conditions are favorable (associated with a relatively low
RNR).
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When the RAB 1s set, access terminals can only maintain or
decrease their reverse-link data-transmission rates, and con-
sequently their reverse-link transmaission power levels, which
to some extent corrects the high-RNR situation. When the
RAB 1s clear, access terminals can only maintain or increase
their reverse-link data rates and power levels, which does
cause RNR to increase, though this 1s considered acceptable
when RNR 1s mnitially low enough—and of course 1t 1s desir-
able to grant higher reverse-link data rates to access terminals
when tolerable.

And, just as naturally, there will also be times when trans-
port conditions across the one or more packet-data networks
(between (1) the access node and/or PDSN and (11) the other
endpoint or endpoints of the VoIP communication) will be
favorable (e.g. when delay, jitter, and packet loss are all
acceptably low), and there will be times when transport con-
ditions are unfavorable (e.g. when delay, jitter, and/or packet
loss are too high).

When transport conditions are unfavorable, 1t 15 not desir-
able to ramp up the data rates at which access terminals send
VoIP packets to the access node. This disadvantageously
results 1n attempting to transmit more and more VoIP data
across a transport path to an endpoint, when that transport
path 1s already struggling to adequately and acceptably trans-
port VoIP packets. In current implementations, however, poor
transport conditions are irrelevant to setting or clearing the
R AB, and thus irrelevant to throttling wireless data rates up or
down. Stated another way, 1n current implementations, the
RAB is set or cleared independent of the transport conditions
between the network infrastructure and the other endpoint(s)
of the VoIP communication. IP congestion 1s not taken into
account.

In accordance with the present invention, IP congestion 1s
taken 1to account when deciding whether to set or clear the
RAB. That 1s, one or more VolP-quality metrics, related to the
transport of VoIP packets across one or more packet-data
networks, are taken into account when the access node deter-
mines whether to set or clear the RAB. The set of one or more
VoIP-quality metrics that are considered may include delay,
tter, packet loss, and/or any other VolP-quality metric now
known or later developed. Note that the present invention
applies to any and all types of networks, including those that
operate according to IS-856, Rel. 0, those that operate accord-
ing to IS-856, Rev. A, those that operate according to both
Rel. O and Rev. A, and/or any other types of networks where
access nodes determine whether to set or clear a RAB, includ-
ing any networks that operate under any revisions of I1S-856
subsequent to Rev. A.

In one embodiment, all three of delay, jitter, and packetloss
may be considered, along with RNR, when determiming
whether to set or clear the RAB. In particular, the access node
may maintain four threshold values: an RNR threshold (de-
scribed above), as well as respective threshold values for
delay, jitter, and packet loss (1.e. a delay threshold, a jitter
threshold, and a packet-loss threshold). Each time the access
node decides whether to set or clear the RAB, the access node
may compare recently-measured values for each of RNR,
delay, jitter, and packet-loss with their respective thresholds,
and then only clear the RAB if each of those four measured
values 1s less than 1ts respective threshold. If any one of those
measured values 1s greater than 1ts respective threshold, the
access node may set the RAB. This reflects a strategy to
permit data-rate increases on the wireless reverse link only
when both (1) RF conditions are favorable on that link and (11)
transport conditions are favorable on the transport side.

Note that the access node may consider RNR and the
VoIP-quality metrics 1n any order, and may consider only one
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or two of the aforementioned VolP-quality metrics. That 1s,
the access node could consider (1) RNR and delay, (11) RNR
and jitter, (111) RNR, delay, and packet loss, etc. In general,
any combination of considering RNR and one or more VoIP-
quality metrics may be employed when determining whether
to set or clear the RAB. And for one or more VolP-quality
metrics (as well as RNR), it 1s conceivable that the access
node could consider only a most-recently-measured value, an
average over some previous time period, an average of a worst
10% (or some other percentage) ol measurements over some
previous time period, and/or any other relevant data set con-
sidered appropriate for a particular implementation.

2. Exemplary Architecture

a. Exemplary Communication System

FIG. 1 1s a simplified block diagram of a communication
system, 1n accordance with exemplary embodiments. It
should be understood that this and other arrangements
described herein are set forth only as examples. Those skilled
in the art will appreciate that other arrangements and ele-
ments (e.g., machines, mterfaces, functions, orders, and
groupings ol functions, etc.) can be used instead, and that
some elements may be omitted altogether. Further, many of
the elements described herein are functional entities that may
be implemented as discrete or distributed components or in
conjunction with other components, and 1n any suitable com-
bination and location. Various functions described herein as
being performed by one or more entities may be carried out by
hardware, firmware, and/or software. Various functions may
be carried out by a processor executing instructions stored in
memory.

As shown1n FIG. 1, a communication system 100 includes
an access terminal (AT) 102, an access node (AN) 104, a
PDSN 106, a packet-datanetwork (PDN) 108, a gateway 110,
a PDN 112, and an endpoint 114. Note that additional entities
not depicted i FIG. 1 could be present as well. As an
example, there could be more than one access terminal 1n
communication with access node 104; also, there could be
additional enftities 1n communication with PDN 108 and/or
PDN 112. Also, there could be one or more routers, switches,
other devices and/or networks making up at least part of one
or more of the communication links.

Access terminal 102 may be any mobile device arranged to
carry out the access-terminal functions described herein. As
such, access terminal 102 may include a user interface, a
wireless-communication interface, a processor, and data stor-
age comprising instructions executable by the processor for
carrying out those access-terminal functions. The user inter-
face may include buttons, a touch-screen, a microphone, and/
or any other elements for receiving mnputs from users, as well
as a speaker, one or more displays, and/or any other elements
for communicating outputs to users.

The wireless-communication interface may comprise an
antenna and a chipset for communicating with one or more
access nodes over an air interface. As an example, the chipset
could be one suitable for engaging 1n EV-DO communica-
tions, ncluding IS-856m Rel. 0 and/or IS-856, Rev. A com-
munications. The chipset or wireless-communication inter-
face 1n general may also be able to communicate with a
CDMA network, a Wi-Fi (IEEE 802.11) network, and/or one
or more additional types of wireless networks. The processor
and data storage may be any suitable components known to
those of skill in the art. As examples, access terminal 102
could be or include a cell phone, a PDA, a computer, a laptop
computer, a hybrid IS-2000/1S-856 device, and/or a multi-
mode Wi-Fr/cellular device.
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Access node 104 may be any one or any combination of
network elements arranged to carry out the access-node func-
tions described herein. As such, access node 104 may include
a communication interface, a processor, and data storage
comprising instructions executable by the processor to carry
out those access-node functions. The communication inter-
face may include one or more antennas and chipsets or other
components for providing one or more EV-DO coverage
areas such as cells or sectors, for communicating with access
terminals, such as access terminal 102, over an air interface.
The commumnication interface may also include a wired
packet-data interface such as an Fthernet iterface for com-
municating directly or over one or more networks with PDSN
106. Access node 104 may include one or more base trans-
ceiver stations (BTSs) (or “Node-Bs”™), as well as one or more
radio network controllers (RNCs).

Access node 104 may provide service—including IS-8356,
Rel. 0 and/or IS-856, Rev. A service—to EV-DO access ter-
minals on a number of carriers and 1n a number of wireless
coverage areas, such as cells or sectors. On some or all of
these carriers in some or all of these wireless coverage areas,
access node 104 may have the ability to measure RNR.
Access node 104 may further have the ability to measure (or
obtain measurements of) one or more VolP-quality metrics
such as delay, jitter, and/or packet loss. Measurement of these
VoIP-quality metrics 1s within the skill of those 1n the art.

Furthermore, access node 104 may store—or have access
to—threshold values for RNR, and for a set of one or more
VoIP-quality metrics. FIG. 2 depicts one possible arrange-
ment of threshold data that access node 104 may store 1n data
storage or may have access to from one or more other network
entities, such as PDSN 106 and/or any other entities. FIG. 2
shows two threshold tables 200 and 250. Threshold table 200
includes only one threshold value in this example: RNR
threshold 202, associated with the RF-quality metric RNR.
Note that other RF-quality metrics could be stored 1n table
200—and considered 1n accordance with the present mven-
tion—instead of or 1n addition to RNR threshold 202.

Threshold table 250 includes VoIP-quality-metric thresh-
old values associated with three VoIP-quality metrics: delay
threshold 232 (associated with delay), jitter threshold 254
(associated with jitter), and packet-loss threshold 256 (asso-
ciated with packet loss). Note that other VoIP-quality metrics
could be stored 1n table 250—and considered 1n accordance
with the present invention—instead of or 1n addition to delay
threshold 252, jitter threshold 254, and packet-loss threshold
256.

Note as well that the thresholds 202 and 252-256 may take
on any values suitable for a particular implementation. In
some embodiments, RNR threshold 202 may be approxi-
mately 5-10 dB. In some embodiments, delay threshold 2352
may be approximately 150-250 ms. In some embodiments,
ntter threshold 254 may be approximately 10-20 ms. In some
embodiments, packet-loss threshold 256 may be approxi-
mately 1%, 2%, 5%, or thereabouts. And other values could
be used as well, without departing from the scope and spirit of
the present invention.

Returning to FIG. 1, PDSN 106 may be any networking,
server or other device arranged to carry out the PDSN func-
tions described herein. PDSN 106 may include a communi-
cation interface, a processor, and data storage comprising
instructions executable by the processor for carrying out
those PDSN functions. The communication interface may
include a wired packet-data interface such as an Ethernet
interface for communicating with access node 104 and/or
over PDN 108. Note that PDSN 106 may, instead or in addi-
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municating with access node 104 and/or over PDN 108. Note
also that PDSN 106 may use the same 1nterface or separate
interfaces for communicating with access node 104 and for
communicating over PDN 108. PDSN 106 may generally
function to provide access node 104 with access to PDN 108.

Each of PDN 108 and PDN 112 may include one or more
wide area networks, one or more local area networks, one or
more public networks such as the Internet, one or more pri-
vate networks, one or more wired networks, one or more
wireless networks, and/or one or more networks of any other
variety. Devices 1n communication with PDN 108 and/or
PDN 112 may exchange data using a packet-switched proto-
col such as IP, and may be identified by an address such as an
IP address. In this example, PDN 108 is the wireless-service
provider’s privately-operated IP network (where the wire-
less-service provider 1s the operator of access node 104 and
PDSN 106), while PDN 112 1s the Internet. However, this 1s
for 1llustration and not by way of limitation. In some embodi-
ments, PDSN 106 may connect directly to the Internet, in
which case PDN 108 and gateway 110 may not be necessary.
And other configurations are possible as well, without depart-
ing from the scope and spirit of the present invention.

Gateway 110 may be any networking server or other device
arranged to carry out the gateway functions described herein.
Thus, gateway 110 may include a communication interface, a
processor, and data storage comprising instructions execut-
able by the processor for carrying out those gateway func-
tions. The communication interface may include a wired
packet-data interface such as an Ethernet interface for com-
municating over PDN 108 and/or PDN 112. Note that gate-
way 110 may, instead or in addition, comprise a wireless-
communication interface for communicating over PDN 108
and/or PDN 112. Gateway 110 may use the same interface or
separate interfaces for communicating over PDN 108 and/or

PDN 112. Gateway 110 may generally function to provide
PDN 108 and PDN 112 with connectivity to each other.

Endpoint 114 may be any device arranged to carry out the
endpoint functions described herein. As such, endpoint 114
may include a (wired and/or wireless) communication inter-
face, a processor, and data storage comprising instructions
executable by the processor for carrying out those endpoint
functions. Endpoint 114 may be or include a media gateway
(perhaps connected to the PSTN), a packet-based telephone,
a personal computer, a PDA, a mobile station, an EV-DO
access terminal, a PTT server, a call server, and/or any other
type of device capable of functioning as an endpoint of a VoIP
session 1n accordance with exemplary embodiments.

3. Exemplary Operation

a. A First Exemplary Method

FIG. 3 depicts a flowchart of an exemplary method, 1n
accordance with an exemplary embodiment. As shown 1n
FIG. 3, method 300 begins at step 302, when access node 104
provides VoIP service to EV-DO access terminals, which
includes (a) providing EV-DO service 1n a wireless coverage
area and (b) providing transport service over a packet-data
network. At step 304, access node 104 measures RNR 1n the
wireless coverage area. At step 306, access node 104 mea-
sures, over the packet-data network, each VolP-quality metric
in a set of one or more VolP-quality metrics. At step 308,
access node 104 determines whether to set or clear the RAB
in the wireless coverage area based at least 1n part on the
measured RNR and at least 1n part on the measured VoIP-
quality metrics. These steps are explained 1n the following
subsections.
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And 1t should be noted that, although method 300 1s
described herein as being carried out by access node 104, this
1s not required. In some embodiments, method 300 may be
carried out specifically by an RNC or BTS. In other embodi-
ments, method 300 could be carried out by one or more
servers, a gateway, a proxy, a BSC, a PDSN, some other
network element, or perhaps some combination thereof. And
other possibilities exist as well.

In general, 1t 1s preferable that access node 104 carry out
method 300 repeatedly on a periodic basis, so as to dynami-
cally adjust the RAB 1n the wireless coverage area to reverse
noise rise and one or more VolP-quality metrics such as delay,
jitter, and packet loss.

1. Provide VoIP Service to EV-DO Access Terminals

At step 302, access node 104 provides VoIP service to
EV-DO access terminals, such as access terminal 102. Note
that carrying out step 302 includes (a) providing (Rel. O
and/or Rev. A) EV-DO service 1n a wireless coverage area and
(b) providing transport service over a packet-data network.
The wireless coverage area could be a cell or a sector, as
examples. In the balance of this description of method 300, a
sector will be used as an 1llustrative wireless coverage area.
Furthermore, 1n this example, access node 104 provides EV-
DO service on a single carrier, referred to 1n this description
as the sector/carrier; however, this 1s not to exclude the pos-
s1ibility of access node 104 providing service in more than one
sector, or on more than one carrier per sector, and of carrying
out embodiments of the present invention with respect to each
sector-and-carrier combination.

Furthermore, 1t may be the case that access node 104,
perhaps in cooperation with one or more network entities
such as PDSN 106, provides the above-referenced transport
service over a service provider’s private packet-data network,
the Internet, or, as illustrated in FIG. 1, directly over the
service provider’s privately-operated packet-data network
(represented as PDN 108 in FIG. 1), and indirectly (such as
via a network access server such as gateway 110) over the
Internet (represented as PDN 112 1n FIG. 1). Note that, 1n this
example, the “service provider” could be the business entity
that provides and operates access node 104 and likely also
PDSN 106. Note further that “providing transport service”
does not necessarily mean providing an entire network or
end-to-end packet delivery; rather, “providing transport ser-
vice” may simply mean providing connectivity with one or
networks. And certainly other network arrangements are pos-
sible as well, without departing from the scope and spirit of
the present invention.

Thus, 1n this example, access terminal 102 communicates
over a wireless EV-DO air interface with access node 104,
which then provides transport service for, among other types
of data, VoIP packets transmitted between access terminal
102 and endpoint 114, across a communication path that
includes PDSN 106, PDN 108, gateway 110, and PDN 112.

11. Measure RNR

At step 304, access node 104 measures the RNR on the
sector/carrier. As explained above, access node 104 may carry
out step 304 1n part by measuring a current level of noise on
the reverse link on the sector/carrier, and then computing
RNR as the difference between that current level of noise and
a baseline level of noise on the reverse link. And recall that the
baseline level of noise on the reverse link may correspond to
an amount ol noise present on the sector/carrier when the
sector/carrier 1s unloaded, 1.e. without any transmitting
mobile stations. This baseline level may be measured during,
periodic coordinated silent intervals. Furthermore, as stated
herein, the RNR that access node 104 measures 1n accordance
with carrying out step 304 could be a most-recently-measured
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value, or perhaps an average of more than one value measured
over some preceding time period, among other possibilities.

111. Measure VoIP-Quality Metric(s)

At step 306, access node 104 measures, over a packet-data
network, each VolIP-quality metric 1n a set of one or more
VoIP-quality metrics. Note that the packet-data network ref-
erenced here 1n step 306 could be any packet-data network,

such as PDN 108, PDN 112, or perhaps the combination of
PDN 108, gateway 110, and PDN 112. PDSN 106 may also be
included in this packet-data network where, as in this
example, access node 104 1s carrying out the measurement or
measurements. However, 1n other embodiments, PDSN 106
may carry out one or more VolP-quality-metric measure-
ments, and then perhaps report those measurements and/or
comparisons of those measurements to various threshold val-
ues.

In general, step 306 1s related to taking VoIP-quality-metric
measurements that provide information about transport con-
ditions over a packet-switched path between a first network
entity (e.g. access node 104 or PDSN 106) and the VoIP
endpoint (e.g. endpoint 114) with which access terminal 102
1s conducting or wishes to conduct a VoIP session. As stated
above, 1n some embodiments, the VoIP endpoint may be a
server (e.g. amedia gateway ), rather than the actual telephony
device being used by a person on the other end of the call.
Furthermore, as explained herein, the set of one or more
VoIP-quality metrics measured in step 306 may include delay,
jitter, packet loss, and/or any other VolP-quality metric now
known or later developed, without departing from the scope
and spirit of the present invention.

1v. Set or Clear the RAB Based on the Measured RNR and
the Measured VoIP-Quality Metric(s)

At step 308, access node 104 determines whether to set or
clear the RAB for the sector/carrier, based at least 1n part on
the measured RNR and at least in part on the one or more
VoIP-quality metrics measured in connection with step 306.
In some embodiments, access node 104 may maintain (e.g.
store or have access to) a threshold value corresponding to
cach measurement taken. That 1s, access node 104 may main-
tain an RNR threshold and a set of one or more VolP-quality-
metric thresholds, and each of those VoIP-quality-metric
thresholds may correspond to a respective VolP-quality met-
ric 1n the set of one or more VoIP-quality metrics.

As examples, access node 104 may store RNR threshold
202, delay threshold 252, jitter threshold 254, and packet-loss
threshold 256. In this example, access node 104 considers
RNR and all three of delay, jitter, and packet loss, though, it 1s
not required that all four be considered. Back to this example,
access node 104 may then determine whether the measured
RNR 1s less than RNR threshold 202. If not, access node 104
may set the RAB and consider 1ts analysis complete for this
iteration of setting or clearing the RAB. Note 1n general that
access node 104 need not perform an explicit comparison/
calculation with respect to each metric (RF or transport) on
cach 1teration of setting or clearing the RAB, though access
node 104, 1n this example, still may be fairly said to be
considering those metrics.

Back to this example, 1f the measured RNR 1s less than
RNR threshold 202, access node 104 next determines
whether the measured delay 1s less than delay threshold 252.
If not, access node 104 sets the RAB and stops 1ts analysis for
this 1teration. If so, access node 104 next determines whether
the measured jitter 1s less than jitter threshold 254. It not,
access node 104 sets the RAB and stops 1ts analysis for this
iteration. If so, access node 104 next determines whether the
measured packet loss 1s less than packet-loss threshold 256. It
not, access node 104 sets the RAB. If so, access node 104
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clears the RAB. In either case, since access node 104 has
assessed all four measurements, access node 104 stops its
analysis for this iteration.

As 1s evident from the preceding paragraphs, in this
example, access node 104 only clears the RAB 1 RNR and all
considered VolP-quality metrics fall below their respective
thresholds. Note that this 1s just one implementation, and that
other logic may be employed without departing from the
scope and spirit of the present invention. Also, the order 1n
which these measurement-and-threshold pairs were consid-
ered 1n the preceding paragraphs 1s for illustration and not by
way of limitation. Other orders also fall within the scope and
spirit of the present invention. And again, only one or two of
those VoIP-quality metrics may be considered in some imple-
mentations, and other VoIP-quality metrics could be consid-
ered as well.

b. A Second Exemplary Method

FIG. 4 1s a flowchart of an exemplary method, in accor-
dance with an exemplary embodiment. As with method 300
of FIG. 3, method 400 of FIG. 4 1s described as being carried
out by an access node, and by access node 104 of FIG. 1 1n
particular, though this 1s not required. Method 400 could be
carried out by any one or any combination of the entities
described as possibilities for carrying out method 300, and/or
any other entity or entities. Method 400 1s similar to method
300, and thus 1s not described 1n as great of detail. As with
method 300, method 400 1s preferably carried out repeatedly
on a periodic basis, so as to dynamically adjust wireless data
rates to changing RF and transport conditions.

As shown in FI1G. 4, method 400 begins at step 402, when
access node 104 provides packet-data service to wireless
terminals. In accordance with the present invention, the
packet-data service includes a wireless-service component in
a wireless coverage area, coupled with a transport-service
component over a packet-data network. The wireless-service
component could be or include EV-DO (e.g. Rel. 0 and/or
Rev. A) service on a sector/carrier; moreover, the packet-data
network over which the transport-service component 1s pro-
vided may be a packet-switched communication path extend-
ing between access node 104 (or an entity such as PDSN 106),
and a packet-data-communication endpoint, such as endpoint
114 or another device.

Atstep 404, access node 104 determines whether favorable
RF conditions are present in the wireless coverage area. This
step may include measuring RNR and comparing that value
(or an average of that and other RNR values) with an RNR
threshold, such as RNR threshold 202. As one example, the
most-recently-measured RNR falling below the RNR thresh-
old may be sufficient to consider the RF conditions favorable.
Instead or in addition, step 404 may 1involve consideration of
any number of other indicators of favorable/unfavorable RF
conditions, such as how many access terminals are operating
on the sector/carrier, how occupied the paging-channel
timeslots are, the forward-link transmission-power situation
(¢.g., the known ratio E /I_,), and/or any other indicators of
sector/carrier load and/or favorable/unfavorable RF condi-
tions.

At step 406, access node 104, perhaps in cooperation with
one or more entities such as PDSN 106 and gateway 110,
determines whether favorable transport conditions are
present over the packet-data network. This may involve mea-
surement of one or more of the VoIP-quality metrics
described herein, along with comparison of those measured
values with respective thresholds. As one example, having
any one or any combination (such as all three) ol the measured
values of delay, jitter, and packet loss fall below their respec-
tive thresholds may be required for considering the network
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transport conditions to be favorable. Note that other now-
known or hereafter-developed metrics of network conditions
may be used as well, without departing from the scope and
spirit of the present invention.

At step 408, 11 (a) 1t 1s determined 1n step 404 that favorable
RF conditions are present and (11) it 1s determined 1n step 406
that favorable transport conditions are present, access node
104 permits data-transfer rates for the wireless-service com-
ponent to 1ncrease. In some embodiments, step 408 may take
the form of clearing the RAB for the wireless coverage area.

At step 410, 11 (a) 1t 1s determined 1n step 404 that favorable
RF conditions are not present and/or (11) 1t 1s determined 1n
step 406 that favorable transport conditions are not present,
access node 104 does not permit (1.e. prevents) data-transier
rates for the wireless-service component to increase. In some
embodiments, step 410 may take the form of setting the RAB.

4. Conclusion

Various exemplary embodiments have been described
above. Those skilled 1n the art will understand, however, that
changes and modifications may be made to those examples
without departing from the scope of the claims.

What 1s claimed 1s:
1. A method comprising;:

an access node providing voice over internet protocol
(VoIP) service to Evolution Data Optimized (EV-DO)

access terminals, wherein providing VoIP service com-
prises (a) providing EV-DO service 1n a wireless cover-
age arca and (b) providing transport service over a
packet-data network;

measuring reverse noise rise (RNR) 1n the wireless cover-
age area;

measuring, over the packet-data network, each VoIP-qual-
ity metric 1n a set of one or more VoIP-quality metrics;

maintaining an RNR threshold and a set of one or more
VoIP-quality-metric thresholds, wherein each VoIP-
quality-metric threshold corresponds to a respective
VoIP-quality metric in the set of one or more VoIP-
quality metrics:

determining whether the measured RNR 1s less than the
RNR threshold:

determining whether each measured metric 1s less than 1ts
corresponding threshold;

11 (1) the measured RNR 1s less than the RNR threshold and
(11) each measured metric 1s less than 1ts corresponding,
threshold, then clearing the RAB; and

11 (1) the measured RNR 1s not less than the RNR threshold
and/or (11) at least one measured metric 1s not less than 1ts
corresponding threshold, then setting the RAB.

2. The method of claim 1, wherein the wireless coverage
area 1s a cell or a sector.

3. The method of claim 1, wherein the packet-data network

comprises at least one of a service provider’s private packet-
data network and the Internet.

4. The method of claim 1, wherein measuring RNR com-
Prises:
measuring a current level of noise on a reverse link; and

computing RNR as the difference between the current level
of noise and a baseline level of noise on the reverse link.

5. The method of claim 4, wherein the baseline level of
noise on the reverse link corresponds to an amount of noise in
an unloaded wireless coverage area.

6. The method of claim 1, wherein the RNR threshold 1s
approximately 5 dB.
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7. The method of claim 1, wherein the set of one or more
VoIP-quality metrics comprises at least one of delay, jitter,
and packet loss.

8. The method of claim 1, wherein:

setting the RAB comprises making the RAB equalto 1;and 5

clearing the RAB comprises making the RAB equal to 0.

9. The method of claim 1, carried out repeatedly on a
periodic basis, so as to dynamically adjust the RAB to RNR
and the set of one or more VolP-quality metrics.

10. An

Hvolution Data Optimized (.

comprising:
a communication interface;
a processor; and

data storage comprising instructions executable by the pro-
cessor to:

provide voice over internet protocol (VoIP) service to

£ V-DO) access node

EV-DO access terminals, wherein providing VoIP ser-

vice comprises (a) providing EV-DO service 1n a
wireless coverage area and (b) providing transport
service over a packet-data network;

measure reverse noise rise (RNR) 1n the wireless cover-
age area;
measure, over the packet-data network, each VoIP-qual-
1ty metric 1n a set of one or more VolIP-quality metrics;
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maintain an RNR threshold and a set of one or more
VoIP-quality-metric thresholds, wherein each VoIP-
quality-metric threshold corresponds to a respective
VoIP-quality metric 1n the set of one or more VoIP-
quality metrics;

determine whether the measured RNR 1s less than the
RNR threshold;

determine whether each measured metric 1s less than its
corresponding threshold;

if (1) the measured RNR 1s less than the RNR threshold
and (11) each measured metric 1s less than 1ts corre-
sponding threshold, then clear the RAB; and

if (1) the measured RNR 1s not less than the RNR thresh-
old and/or (11) at least one measured metric 1s not less
than its corresponding threshold, then set the RAB.

11. The access node of claim 10, wherein the set of one or
more VolP-quality metrics comprises at least one of delay,

ntter, and packet loss.
12. The access node of claim 10, wherein:
the instructions to set the RAB comprise instructions to

make the RAB equal to 1; and

the 1nstructions to clear the RAB comprise mstructions to

make the RAB equal to O.
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